The effects of sow-crate design on certain health and performance traits of 211 sows and their piglets were evaluated with a 2 x 2 • 4 factorial arrangement of crate width ( affected the sow's body-weight change, but side type tended to affect the most prominent head-neck and leg integumentary lesions. Number of stillborn piglets/litter was greater with W crates than with N, except with crates having $20 sides, and was greater with L crates than with S. More piglets were crushed to death in W crates than N crates, and stillbirth frequency was greater in L crates than in S, but overall preweaning piglet mortality was affected by no crate-design feature. At both 7 and 21 d of age, piglets' knee lesions were most severe with $20 crates and least with $25, whereas face-lesion score was unaffected by crate design. Piglet body weight at age 21 d was least with $20 crates and greatest with F and $25. No cratedesign variable affected within-litter variation in piglet growth rate. Sow-crate design affected important health and performance traits of piglets through postnatal d 21.
Introduction
Preweaning mortality averages 20% of liveborn piglets but varies among herds (Svendsen et al., 1986) In most studies, fewer piglets survive to weaning when the sows are loose than when sows are confined by crates or tethers (Robertson et al., 1966; Devilat et al., 1971; Gustafsson, 1983; Hall, 1983; Aumaitre and LeDividich, 1984; Hansen and Vestergaard, 1984) , probably due mostly to traumatic deaths (Svendsen and Bengtsson, 1983) . Close confinement of sows at farrowing might increase stillbirth frequency (Baxter and Petherick, 1980; M. R. Baxter, 1981) . Piglets perform and survive better when their dams are confined to approximately the same extent during gestation as during farrowing and lactation (Backstrom, 1973) . There has been speculation about effects of sow-crate design on sow and piglet performance (S. H. Baxter, , 1984 English et al., 1982; Clough, 1984; Gadd, 1985; Svendsen et al., 1986) . In experiments, however, few effects have been documented (Lynch et al., 1984;  aAbbreviations: Lower-side type: F = "fingered"; B = "bowed" bar 20 cm above floor; $20 = straight bar 20 cm above floor and $25 = straight bar 25 cm above floor. Width: N = 56 cm (narrow) and W = 61 (wide). Length: S = 183 cm (short) and L = 198 (long) . See Figure I and text for more details.
bTotal numbers for individual design features were : F, 53; B, 50; $20, 54; $25, 54; N, 104; W, 107; S, 107 and L, 104. Edwards et al., 1985; Fraser and Thompson, 1986; Christison et al., 1987) .
In view of large effects of specific design features of hen cages (Tauson, 1980) , more experimental evidence on effects of sow-crate design features was indicated. Sows and piglets were studied with respect to numerous effects of design features of farrowing crates. This paper reports on health and performance traits. Companion papers report on behavioral (Rohde Parfet et al., 1989) , sow-space and ergonomic (Hurst et al., 1986) aspects.
Experimental Procedure
The experiment was conducted at the University of Illinois Moorman Swine Research Farm from November 1984 through May 1986. The ~Expander-bar adjustable farrowing crate, International Livestock Equipment Co., Inc., Fairfield, IA. Constructed of 4.1-cm diameter galvanized steel pipe. Each crate had in the front gate an Economizer 1214 sow feeder (International Livestock Equipment Co.) (off-center to the right) and an operant water nipple (to the left).
same personnel conducted the experiment throughout.
Designs of Farrowing Units and Sow Crates.
The three sow-crate design features evaluated comprised the following, which were combined in 2 • 2 x 4 factorial fashion and incorporated in a commercial farrowing crateT: 1) two widths (55 [narrow = N] and 64 cm [wide--W] between lowest horizontal pipes), 2) two lengths (183 [short -S] and 198 cm [long = L] from adjustable rump stop to front gate) and 3) four types of lower side of sow zone ("fingered" IF, in which 7 short vertical bars projected away from the sow from the lowest horizontal bar on both sides], "bowed" [B, in which the bottom bar was 9.7 cm away from the sow zone and 20 cm above floor], straight bottom bar 20 cm above floor [$20 ] and straight bottom bar 25 cm above floor [$25] ) . Representative design combinations are depicted in Figure 1 .
The 16 sow-crate design-feature combinations were assigned randomly to farrowing-unit locations (15 in house I, 14 in II) for each trial. Thus, each trial had at most 29 farrowing units under evaluation, and included one or two replication(s) of each treatment combination (Table  1) . Sow-crate configurations were (Table 6 ). H = location of heat lamp. Piglet zones are shaded; sow zone is unshaded. reassigned and necessary changes made before each trial.
Each sow crate (which delimited the sow zone) was part of a farrowing unit (comprising sow crate plus a piglet zone on either side). Every farrowing unit measured 152 • 213 cm on the floor ( Figure 2) ; was surrounded by 56-cm-high, solid, galvanized-steel partitions and had a plastic-coated expanded-metal floor 8.
Animals and Environments. A total of 211 Duroc, Hampshire, Landrace and crossbred (among the three breeds) sows and litters were studied in this experiment. Most piglets were a152 • 213-cm "Tenderfoot" (2.5-cmqong • 1.0 cm-wide diamond-shaped openings) livestock floor unit, Oriole, Inc., Blooming Prarie, MN. crossbred. The sows had been in concrete-slatfloored individual crates since being mated. They were weighed and assigned randomly to the individual farrowing units on d 107 to 110 postcoi o turn. Each was fed a total of 1.8 to 2.7 kg/d (all in a trial the same, depending on season) of a fortified corn-soy diet formulated to contain 16% crude protein (half the daily ration at each of two daily feedings) until parturition. After parturition, the sow was fed the same diet to appetite, feed being added to the self-feeder twice daily. The sow was weighed again on d 2 postpartum.
Air temperature in the houses ranged from 22 to 32~ Piglets had ad libitum access to a zone kept warmer by an infrared lamp ( Figure  2 ). Light intensity at piglet level was approximately 125 lx for 24/d.
Body Dimensions and Surface Lesions of Sows.
A few days before parturition (within 3 h after entering the farrowing crate) and again 21 d after parturition, certain of each sow's body dimensions were measured: 1) length in a straight line from back of ham to snout tip, 2) height at highest point of back and breadths at widest points of 3) shoulders, 4) sides and 5) hams, respectively (cf. Curtis et al., 1989) .
Also, at both d 107 to 110 postcoitum and d 21 postpartum, the sow's body was inspected for integumentary lesions at 1) head and neck, 2) back, 3) left and 4) right sides, 5) udder, 6) rear and tail and 7) legs. A scoring system (modified after de Koning, 1983) was used to evaluate these lesions: 0, no lesion; 1, dehairings or callosities; 2, moderate swellings or scars; 3, severe swellings or moderate abrasions or lacerations and 4, severe wounds.
Piglet Processing and Performance. Piglets were ear-notched for identification, teeth-clipped, tail-docked, weighed, administered 2 ml iron dextran solution (100 mg iron/ml) and 2 ml procaine penicillin G-dihydrostreptomycin (200,000 units/ml and 250 mg/ml, respectively) by i.m. injection and the males were castrated within 24 h after birth. Otherwise, the piglets were not handled unless individual medication (. 5 ml lincomycin [ 100 mg active ingredient/ml] injected on each of three successive days) was required (only two litters). Also, some of the litters had been tested in a standard task test (Hurst et al., 1986) and some in a weigh-suckleweigh procedure (Rohde Parfet et al., 1989) Surface Lesions of Piglets. At both 7 and 21 d of age, each piglet was inspected for surface lesions on face and knees. The face-scoring system used was: 0, no lesion; 1, mild abrasions or lacerations; 2, moderate wounds and 3, severe wounds. The knee-scoring system used was: 0, no lesion; 1, dehairings or mild skin irritations or abrasions; 2, moderate abrasions (skin broken slightly) and 3, severe abrasions (some skin absent, open wound).
Cause of Piglet Death. Every dead piglet was necropsied (except four judged too decomposed), and the cause of death was categorized as either stillbirth, crushed by sow, starvationweakness or "other." When a dead piglet was found, the herder noted the location (Figure 2) and orientation of the body in the farrowing unit. The body then was weighed and placed in a plastic bag. The date, the piglet's ear-notch identification number (if present), the unit from which it came and the piglet's body weight, as well as the herder's opinion (if any) on cause of piglet death, were noted on a data sheet as well as marked on a tag attached to the bag. Then the body was placed in a refrigerator at 4~ Every morning and afternoon, piglets and data sheets were transported to the laboratory.
A necropsy procedure following accepted conventions (Randall, 1978; Fatteh, 1973; Simpson, 1979; Svendsen, 1982; Svendsen et al., 1986) was developed. Each piglet first was inspected externally for the presence of lacerations, abrasions, contusions, petechiae, lividity, meconium staining, position of tongue and general body condition. Then an incision was made along the ventral midline, from sternum to pubis. Any presence of blood or other liquid in the thoracic or the peritoneal cavity was noted. Visceral organs were inspected for damage and heavy congestion with blood, the stomach and the small intestine were examined for presence of digesta and the rib cage was palpated to detect broken bones. The lungs of piglets suspected of being stillborn were inspected, and a piece of lung tissue approximately 2 cm wide was excised from the bottom of a lobe and float-tested in tap water. The trachea of such a piglet also was opened by incision and inspected for the presence of fluid and meconium plugs.
A stillborn piglet was distinguishable usually by the presence of meconium and fetal membranes on the body surface and prominent external cartilage still on the hooves. The liver and the pancreas usually were dark purple and congested heavily with blood, the stomach was filled with serous fluid and meconium that had been swallowed prenatum. Lungs of these piglets were dark purple and unaerated, and the sample sank in the float test. If the lung tissue floated, on the other hand, the lungs were considered to have been aerated and the piglet was judged not to have been stillborn. Serous fluid and meconium plugs were found in the trachea of most stillborn piglets (Randall, 1978) .
External examination of piglets judged to have been crushed usually revealed obvious bruising at several points on the body (Fatteh, 1973 ; Simpson, 1979) . Lividity, which occurred frequently, often in the diamond-shaped pattern of the flooring material, was not confused with bruising. Petechiae were present sometimes, as were lacerations, especially if the sow had stepped on the piglet. The tongue of a crushed piglet usually protruded from the mouth.
Internal examination of a piglet ultimately judged to have been crushed often revealed uneven congestion of the liver with blood, the organ ranging in color from light beige to dark red in different areas. The stomach usually was filled with milk (clotted or unclotted), and the small intestine usually contained liquid digesta. Only rarely were broken ribs found in these piglets, but sometimes crushing did cause damage to internal organs, in which case often the thoracic or the abdominal cavity or both were filled with blood. In such cases, visceral organs, skeletal muscles and skin usually were very light in color.
Piglets categorized as starved-weak usually were small and emaciated. Bruising was never observed in these pigs, but lividity did occur. Internal examination generally revealed that the skeletal muscles were dark red in color. Visceral organs usually were congested with blood, the stomach and the small intestine empty.
Piglets categorized in the "other" group were either those that apparently died due to congenital defects or infectious disease or those not determined to be in one of the other three groups. Four of the 21 piglets in this oategory were not necropsied because the body had decomposed excessively before being found.
Statistical Analysis. The sow was considered the experimental unit for sow traits, the litter for piglet traits. Dependent variables' data were subjected to analysis of variance (GLM procedure; SAS, 1982) due to the sow crate's width, length and type of side, as well as to interactions among these independent variables. They were blocked according to house (2 houses) and trial (9 trials). Differences among treatment means were tested for statistical significance by Fprotected least significant difference comparisons (SAS, 1982) .
Several traits were analyzed as conceivable covariates when appropriate (SAS, 1982) ; these included number of liveborn piglets, weight of litter at birth, number of piglets weaned, sow weight prepartum, sow parity (first vs second or later) and breeds of sires of sows and of piglets, respectively, and, for sow-lesion traits, sow weight and all sow body dimensions, on postcoitum d 107 to 110 and postpartum d 21, respectively. In general, only those covariates that were statistically significant will be mentioned in the results and discussion.
In order to determine whether or not sowcrate design caused differences in within-litter variance for postnatal-preweaning growth rate, piglets' d-21 body weights were regressed on respective birth weights; square roots of the within-litter variances (i.e., standard deviations) of the respective residuals from regression were calculated; and these standard deviations were subjected to analysis of variance (SAS, 1982) , in which sow-crate width, length and side type, and their interactions, were fixed sources of variation, and litter size at weaning was a classification variable and was in turn evaluated for interaction with main effects of each crate-design variable. Because of inadequate subclass numbers for extremely small and extremely large litters, only litters having 7, 8, 9, 10 or 11 piglets at weaning were analyzed in this respect.
Locations of dead piglets were organized according to cause of death and subjected to chi-square analysis (Zar, 1984) .
Results
Means reported are least squares estimates Unless specifically mentioned, effects of interactions and covariates were not statistically significant.
Houses and Trials. Over all trials, there was a difference between houses I and II both in number of piglets delivered (liveborn plus stillborn) (P < .04) and number of stillborn piglets (P < .08) per litter. These differences ted, as expected, to house effects on number of liveborn piglets per litter (P < .05), liveborn litter weight (P < .06) and individual piglet weight at weaning (P < .04). The fact that sows in house I delivered more piglets than did those in II (lO.5/litter and 9.6, respectively), which may have been responsible for several correlated responses, presumably was due to factors other than any involved in this experiment. Further, the house model accounted for only approximately 15% of the variation both in number of piglets delivered and in number of liveborn piglets per litter. House also affected piglets' knee score on d 21 posmatum (P < .08), but the difference between groups was slight in absolute terms (2.0 in house I, 1.9 in II). House also affected the first (i.e., most prominent) lesions on the sows' right side (P < .09), left side (P < .07) and legs (P < .06).
The first farrowing in successive trials came on the following days of the Julian-calendar year: 330, 23, 108, 174, 232, 295, 2, 57 and 113 . Trial affected several traits, probably due mostly to season, including sow weight change (prepartum to d 21 postpartum; P < .01), numbers of liveborn piglets per litter (P < .08) and individual piglet weight gain (birth to d 21;P < .07) and d-21 weight (P < .02).
Certain piglet lesion scores differed across trials, such as d-7 (P < .09) and d-21 (P < .01) knee scores and d-7 (P < .01) and d-21 (P < .02) face scores. Likewise, the sow's first (i.e., most prominent) back (P < .03), first head-neck (P < .06), second (i.e., next most prominent) left side (P < .09) and first leg (P < .01) lesion scores differed across trials. (Table 2) . No crate-design variable affected sow body-weight change. Weight loss was greater in heavier sows (+.093 kg/kg body weight prepartum; P < .04) and in sows weaning larger litters (+3.22 kg/piglet weaned; P < .01), but it was less in sows than in gilts (-6.35 kg; P < .07).
Sow Body Weigbto
Sow Lesions. Lesion-score changes were calculated by subtracting the prepartum score from the d-21 postpartum score. Therefore, a negative value represents improvement during the sow's residence in the farrowing crate, a positive one represents exacerbation (Table 2) . Side affected both the first head-neck (P <. 10) and the first leg (P < .10) scores. In particular, the first head-neck score improved in $25 crates and worsened in $20 (P < .02), and the exacerbation of first leg lesions in B crates differed from improvements in this score in both F (P = .02) and $25 (P < .09). Further, side type and width interacted with respect to first leg lesion (P < .03); that lesion's improvement in F, W crates (lesion-score change = -.70) was greater than in F, N (+.12, P < .01), B, N (+.37, P < .01), B, W (--.08, P < .02), $20, N (-.14, P < .04), $20, W (+.11, P < .01), $25, N (-.19, P < .05) or $25, W (-.16, P < .05), whereas that lesion's exacerbation was greater in B, N crates (+.37) than in F, W (P < .01), B, W (P < .09), $20, N (P< .06), $25, N (P< .03) orS25, W (P < .06) crates.
Several covariates affected the changes between d 107 to 110 postcoitum and d 21 postpartum in certain low-lesion scores (Table 3) , and some of them are of interest. Litter size at weaning was correlated negatively with iraprovement in right-side lesions and positively with that in the second leg-lesion score. Parity (first vs later) greatly affected the change in first back-lesion score, possibly because herders left more severe prod marks on gilts' backs than on sows'. The sow's body weight on d 21 postpartum was associated positively with improvement in udder and first and second leg-lesion scores, but negatively with that in'the third leglesion score. Breadths both at shoulders and at sides, respectively, were associated positively with various lesion improvements, but breadth at hams was associated positively with certain lesion-score improvements. Height at d 107 to 110 postcoitum was associated positively with rear-tail lesion improvement, but that on d 21 postpartum was associated negatively with the same trait.
Piglet Survival and Mortality. No sow-crate
design feature affected either the number of piglets delivered or the number born alive (Table  4) . Breed of the sow's sire did affect the number of piglets she delivered (P < .08); Landracesired sows delivered 9.3 and Duroc-sired 10.7/ litter, whereas Hampshire-sired sows performed intermediately (10.4). Likewise, breed of sow's sire affected the number of piglets born alive (P < .03); Landrace-sired sows gave birth to 8.6 live piglets/litter vs 10.2 for Duroc-sired sows, whereas again Hampshire-sired sows were intermediate (9.7).
The number of stillborn piglets/litter was greater in litters delivered by sows in W crates than in N (P < .06) (Table 4) except in the case of side-type $20, in which the number was nonsignificantly less in the W crate (Table 5) . Also, the number of stillborn piglets/litter was greater in litters delivered by sows in L crates than in S (P < .03) ( Table 4) .
Survival rate (%) of liveborn piglets to weaning ([no. weaned]/[no, liveborn] • 100), transformed by calculating the arcsine of the squareroot value for analysis, was affected by no sowcrate design feature. There was a negative relation between the number of piglets born alive/ litter and piglet survival rate (-2.4%/liveborn piglet, P < .01). Breed of sow's sire also affected this trait (P <. 10); untransformed survival rates were 91.9% for piglets from Duroc-, 88.3% from Landrace-and 85.0% from Hampshire-sired litters.
As for causes of death of liveborn piglets-viz., crushing, starvation-weakness and "other"-there was but one effect of sow-crate design. The rate of mortality due to crushing Again, breed of the sow's sire affected mortality rate due to crushing (P < .05); Duroc-sired sows crushed fewer piglets to death (.31/litter) than did Landrace-(.63) or Hampshire-sired sows (.67). Number of postnatal deaths due to "other" causes was higher in Duroc-sired litters (.80/litter) than in Hampshire-(.50, P < .10) or Landrace-sired ones (.24, P < .01).
Locations of Dead Piglets. Piglets were found dead at the various locations in the farrowing units (Figure 2 ) at the frequencies given in Table 6 . Analysis of data in the 4 • 9 contingency table yielded a chi-square value of 51.18 (P < .001); i.e., the relative frequencies piglets were found dead in the various locations varied depending on the cause of death category. Most stillborn piglets were found in the rear end of the unit (81 of 83 in locations 3, 6 and 9), especially immediately behind the sow (57 of 81 in location 6) (P < .01).
There was a tendency for piglets that were liveborn but then died to be found in the piglet zones, and more so in the one on the side without a heat lamp (locations 1, 2 and 3) (P < .05). Crushed piglets tended not to be found in the sow zone (locations 4, 5 and 6), but rather in the piglet zones (82 of 110 in locations 1, 2, 3, 7, 8 and 9), where they apparently often served as play objects for surviving littermates. Many of the piglets classified as crushed also could have been classified as starved-weak. Piglets classified as having succumbed to starvationweakness likewise tended to be found in the piglet zones (85 of 97) (P < .01). Only 10 of 21 having some "other" cause of death were found in the piglet zones.
Piglet Lesions. Lower-side type on the sow crate influenced knee-lesion score at both d 7 (P < .01) and 21 posmatum (P < .01) ( Table   TABLE 3 a'bMeans in the row with a common superscript do not differ (P < .10).
C'dMeans in the row with a common superscript do not differ (P < .05).
e'fMeans in the row with a common superscript do not differ (P < .01).
g'hMeans in the column with a common superscript do not differ (P < .10).
i'JMeans in the column with a common superscript do not differ (P < .05).
4). At both ages, knee lesions were most serious in piglets residing in $20 crates, least in $25. Face-lesion scores did not vary as a function of sow-crate design (Table 4) .
Piglet Performance. The average weight of piglets at weaning on d 21 was affected by the sow crate's lower-side type (P < .09) ( Table 4 ). In particular, piglets weaned from $20 crates weighed less (6.0 kg) than did those weaned from F (6.4) or $25 crates (6.3). As for within-litter variation in postnatal growth rate, the main effect or interaction of no crate-design variable(s) or other covariate affected square-root-transformed within-litter variance in growth rate (P > .40), with the possible exception of side (P < .13) (Table 7) Covariates Affecting Piglet Traits. Several covariates affected certain piglet traits (Table  8) , often in expected ways. A couple deserve special mention: sow body weight was associated positively with higher piglet mortality rate, face-lesion score with liveborn litter size.
Discussion
The space that would allow a sow to stand up and lie down without touching the crate has been estimated (Baxter and Sehwaller, 1983; Curtis et al., 1989) . The hypothetical 95th percentile 250-kg North American sow would require a crate approximately 220 cm long • 86 cm wide . Although the sow crates provided a wider standing zone than the 45 cm (English et al., 1982) or 51 cm (Gadd, 1985) sometimes recommended, many a'bMeans in the column without a common superscript differ (P < .10).
of the sows in this experiment were cramped by the space their crates provided, especially while nursing their piglets (Rohde Parfet et al., 1989) . However, there were few effects of crate design on sows' integumentary lesions. The exacerbation of head-neck lesions on sows in S20-sided crates probably resulted from the sow's trying to move the head under the lowest side bar, especially as she tried to Iie diagonally while nursing (Rohde Parfet et al., 1989) . Sows in F-sided crates experienced an improvement in leg lesions during the approximately 4-wk period (i.e., d 107 to 100 postcoitum to d 21 postpartum) in the crates, whereas those in crates with B sides had an exacerbation. Further, sows in N crates experienced more severe surface lesions on the back than did those in W crates, again probably due to being abraded while trying to maximize piglets' access to the udder.
Not only did sows in $20 crates have difficulty at nursing-suckling time, but piglets residing in $20 crates had difficulty gaining position for suckling (Rohde Parfet et al., 1989) ; this probably was largely responsible for the more serious lesions on the front knees of piglets with $20 crates. Piglets with $20 crates also gained less weight than did those with crates having other side types, and this might have been due to the knee infections that were seen as well as to reduced milk intake. In one study, piglets' growth was similar with fingered-side sow crates and straight-side-bar crates (height of lowest bars was not reported) (Edwards et al., 1985) . In another, with 62-cm-wide sow crates, fingered sides were compared with straightbarred in which the lowest bars were 20 (for primiparous dams) or 25 cm above the floor; here, too, piglet performance was unaffected by side type (Fraser and Thompson, 1986) . Although the sows' and piglets' well-being with respect to lesions, nursing-suckling behaviors and piglet growth would seem to have been enhanced by crates that provided the sow with more space, rates of stillbirth and postnatal crushing were lower in the crates that provided the sow with less space. It has been suggested that a cramped environment may cause an increase in the stillbirth rate (Baxter and Petherick, 1980 ), but we postulated the opposite. Reasoning that sows would find it easier to move about in larger crates, we now wonder whether sows in large crates might have changed posture more often than those in small crates and thus might have prolonged parturition, which is known to increase stillbirth rate (Svendsen and Bengtsson, 1984) . In a sample of 51 of these sows, however, there were no effects of sow-crate design on interval between piglet births or frequency of standing by the sow (Rohde Parfet et al., 1989) .
The finding of fewer piglet deaths due to crushing with smaller sow crates jibes with a similar finding of an inverse relationship between degree of sow confinement and piglet losses due to traumatic injury reported previously (Svendsen and Bengtsson, 1983) , but in another study, although preweaning mortality rate was greater with wider crates, this affect could not be attributed to crushing (Christison et al., 1987) . Most traumatic injuries of piglets come during the first 2 d postnatum, and most happen when the sow is moving (standing up, lying down, standing or walking; Hammond and Matty, 1980; Svendsen and Bergtsson, 1982) .
The finding here of no significant effect of sow-crate design on total postnatal piglet mortality rate is in accord with at least one earlier report in which fingered-side crates were compared with straight-barred (Edwards et al., 1985) . However, in another study postnatal mortality rate averaged 17.7% in straight-side crates (dimensions not given) vs 24.9% in turn-around pens (Hall, 1983) , and in yet another study (Gustafsson, 1983) , mortality was 12.9% with standard crates vs 12.2% with arrangements in which the sow was confined by a crate through postpartum d 7 only. Fraser and Thompson (1986) suggested that crates that increase within-litter variation in piglet growth rate also might increase the postnatal piglet mortality rate. They had found withinlitter variation in piglet growth rate to be greater with fingered crates than with straight-barred (20 or 25 cm above the floor). However, here we found no effect of crate type on within-litter variation in piglet growth.
The results of this experiment do not indicate that any one sow-crate design combination is better in all respects than all others. However, the results do indicate that relatively small design differences can affect the health and performance of the animals markedly. For example, raising the lowest straight side bar from 20 cm above the floor to 25 cm above decreased knee lesion at 21 d postnatum from a score of 2.2 to a score of 1.7 and increased mean piglet weight at 21 d from 6.0 to 6.3 kg. Behavioral consequences of these sow-crate design differences indicated that crate dimensions were more important determinants of behavior than was side type and that space-restrictive crate dimensions were more important in this respect with straight side bars than with other crate-side types (Rohde Parfet et al., 1989) . The results indicate further than many factors, probably including several not evaluated in this experiment, should be considered when choosing a sow-crate design. Of course, the fact that both sows and piglets appear to be adaptable to a wide variety of farrowing-crate designs does not mean that we can be negligent with respect to the design and use of farrowing equipment (Curtis, 1987) .
